Lung cancer is the leading cause of cancer-related deaths in men and women ([@bib21]). Approximately half of the patients with newly diagnosed non-small-cell lung cancer (NSCLC) present with metastatic disease, which confers a particularly poor prognosis. The median overall survival (OS) is ∼10 months and the 5-year survival rate is \<1% ([@bib10]). These facts clearly underscore the need for more effective treatments for this highly lethal disease. The identification of several driver mutations, the recognition of the phenomenon of 'tumour addiction\' to these mutations and the development of potent targeted agents has offered new treatment options for a small number of patients ([@bib14]; [@bib17]; [@bib18]; [@bib22]; [@bib24]). However, for the majority of patients, palliative cytotoxic chemotherapy is the only treatment option as it offers symptoms control and a modest prolongation of survival.

Recent advances with the immune checkpoint inhibitors as well as new antiangiogenic agents, such as ramucirumab and nintedanib, for patients with advanced NSCLC have led to their approval for use after first-line treatment failure by the Food and Drug Administration and the European Medicines Agency. This improvement in survival among patients with metastatic NSCLC results in an increase of the number of patients requiring further treatment. Consequently, clinical practice guidelines support the use of monochemotherapy for these patients, based on the results of a meta-analysis of six trials ([@bib5]).

Taxanes have demonstrated significant activity in randomised trials in both first- and second-line settings of advanced NSCLC ([@bib7], [@bib6]; [@bib19]). Cabazitaxel (Jevtana; Sanofi-Aventis, Paris, France) is a semisynthetic taxane that acts by binding to tubulin and inhibiting microtubule depolymerisation and cell division, thus resulting in cell cycle arrest. Cabazitaxel was selected for clinical testing owing to its poor affinity for the drug efflux pump P-gp1, its greater blood--brain barrier penetration compared with other taxanes and its superior activity *in vitro* against human cancer cell lines compared with docetaxel ([@bib3]; [@bib13]). Interestingly, cabazitaxel has also been shown to be active in cancer cell lines with innate or acquired resistance to docetaxel ([@bib23]). The activity of cabazitaxel in docetaxel-resistant tumours has been demonstrated to be clinically relevant in the phase III TROPIC trial, where treatment with cabazitaxel was shown to improve OS compared with mitoxantrone in patients with metastatic castration-resistant prostate cancer previously treated with docetaxel ([@bib4]).

The limited efficacy associated with currently available treatments for NSCLC, in second- or third-line setting, highlights the need to develop new agents to treat these patients. Considering the significant activity of cabazitaxel in pre-treated patients with prostate cancer, we evaluated its activity and tolerability in a pivotal phase II trial in NSCLC patients with advanced, unresectable or metastatic disease previously treated with docetaxel-based chemotherapy.

Materials and methods
=====================

Study design
------------

This single-arm, multicentre investigator-initiated phase II study aimed to examine the role of cabazitaxel in advanced NSCLC patients pre-treated with docetaxel, and was conducted at six collaborative centres of the Hellenic Oncology Research Group (HORG). The protocol was approved by the institutional review boards of the participating centres, the independent National Ethics Committee and the Greek Medicinal Agency (EOF) and registered under the NCT01852578 identifier at the Clinicaltrials.Gov website. The study was conducted in compliance with Good Clinical Practice in the Declaration of Helsinki. Written informed consent was obtained from all patients before enrolment. The study was funded by the HORG and the Cretan Association for Biomedical research (CABR). The investigational drug was provided free of charge by Sanofi-Aventis.

Patients
--------

Patients with histologically or cytologically confirmed advanced unresectable or metastatic NSCLC and an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0--2 were eligible for this study. Additional key eligibility criteria included up to two prior chemotherapy lines, including one docetaxel-containing regimen; at least one measurable lesion that was not previously irradiated, according to the Response Evaluation Criteria In Solid Tumours (RECIST) version 1.1; adequate marrow, renal and liver function; and a life expectancy of at least 3 months. Patients with previously irradiated and clinically stable brain metastases were allowed to enroll.

Treatment plan
--------------

Patients enrolled in the study received treatment with cabazitaxel 25 m /m^−2^ of body surface area, given by intravenous infusion over 1 h on day 1 of each 21-day cycle. Premedication consisting of single intravenous doses of an antihistamine, corticosteroid and histamine H2 antagonist were also administered 30 min or more before the administration of cabazitaxel. Treatment was administered until disease progression, unacceptable toxicity or patient refusal. In cases of grade 3 or 4 of predefined haematologic or non-haematologic toxicity, the dose of cabazitaxel was reduced at 20 mg m^−2^. Only one dose reduction was allowed per patient. If a second dose reduction was required, the patient was withdrawn from the study. Primary prophylaxis with filgrastim or pegfilgrastim was administered according to the treating physician\'s discretion.

Pre-treatment evaluation included a complete medical history, physical examination and blood pressure measurement; a complete blood count (CBC) with differential and platelet count; standard biochemical profile; electrocardiogram (ECG); chest X-rays; computed tomography scans of the chest, abdomen and brain, as well as bone scintigraphy. During treatment, a CBC count was performed weekly. A detailed medical history was taken and complete physical examination was performed before the administration of each course of treatment to document symptoms of disease and chemotherapy-related toxicities. Biochemical tests, blood measurement, ECG and chest X-rays were performed every 3 weeks. Lesions assessable by ultrasound and/or computed tomography scans were evaluated after every two courses of treatment.

Clinical outcomes
-----------------

The primary end point of the study was the overall response rate (ORR), defined as the proportion of patients with complete or partial response (PR) according to the RECIST criteria, version 1.1. The secondary end points were: (i) disease control rate (DCR), defined as the proportion of patients with complete response, PR and stable disease (SD); (ii) progression-free survival (PFS), defined as the time interval between the date of enrolment and the date of disease progression or death by any cause; (iii) OS, defined as the time interval between the date of enrolment and the date of death; and (iv) the safety profile and the adverse events of the regimen, according to the NCI-Common Terminology Criteria for adverse events (CTCAE version 4.0).

Statistical considerations
--------------------------

Given that the objective response rate with active agents in randomised phase III trials in the second-line setting of NSCLC is ∼7--10%, an objective response rate of 7.5% was required to consider that the drug is potentially active in this setting and deserves further evaluation. The sample size calculation was conducted according to Simon\'s two-step design (Minmax design) testing the hypothesis of a very low or no response rate (0.05%) against the alternative of a response rate of at least 7.5% according to the test an interim analysis was planned to take place on the first 25 patients, and if there was one response observed, then the study would continue with 21 additional patients for a total number of 46 enrolments. An ORR ⩾7.5% would be considered adequately efficient for further study of the drug with a type I error of 0.05 and a power of 80%.

Analysis was performed on an intent-to-treat basis and all patients who received at least one cycle of treatment were included. Summary tables (descriptive statistics and/or frequency tables) are provided for all baseline and efficacy variables, as appropriate. Continuous variables are summarised with descriptive statistics (*n*, median, range). Ninety-five per cent confidence intervals (95% CI) are also presented, as appropriate. Overall survival and PFS for all patients were estimated using the Kaplan--Meier method.

All clinical data were held centrally (Clinical Trial Office, HORG) and analys using the SPSS statistical software, version 22.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

Patient characteristics
-----------------------

From September 2012 to December 2013, a total of 46 patients were enrolled in the study. The patients\' median age was 64 years (range, 37--81 years) and 41 (89.1%) of them were men; all had an ECOG PS of 0--1 and 44 (95.7%) of them had stage IV disease. Histology was squamous cell in 13 (28.3%) patients, adenocarcinoma in 25 (54.3%), large cell carcinoma in 1 (2.2%) and undifferentiated NSCLC (15.2%) in 7. Among treated patients, eight (17.4%) received cabazitaxel at the second-line setting and 38 (82.6%) at the third-line setting. Twenty-four patients (52.2%) received docetaxel as first-line treatment and 22 (47.8%) as second-line treatment. The median time from the previous docetaxel-based regimen was 3.2 months; 21 patients had docetaxel-refractory disease and 22 patients had acquired resistance to docetaxel. None of the enrolled patients harbored EGFR mutation or EML4-ALK rearrangement. Patients\' demographic and clinical data are summarised in [Table 1](#tbl1){ref-type="table"}.

Drug exposure and compliance with treatment
-------------------------------------------

A total of 165 chemotherapy cycles were administered, with a median of three cycles per patient (range, 1--13). Twenty-six cycles (15.6%) were delayed owing to haematologic (*n*=3), non-haematologic (*n*=7) and both haematologic and non-haematologic toxicity (*n*=3) and 13 owing to other reasons, mainly logistics (late admission to the chemotherapy unit) and patient preference. Dose reduction was required in six patients because of haematologic (*n*=3), non-haematologic (*n*=2) and both haematologic and non-haematologic (*n*=1) toxicity. At the time of data cutoff and analysis, 45 patients (97.8%) had discontinued treatment, most commonly because of disease progression. The mean dose intensity of cabazitaxel was 91.2%.

Treatment activity
------------------

During the initial stage of the trial, five PRs were observed and enrolment was continued. There were no complete responders; in the intention-to-treat population (*n*=46), six patients achieved a PR (ORR=13.0% 95% CI: 3.3--22.8%), 17 had SD and 20 experienced disease progression (PD); the DCR was 49.9% (95% CI: 35.6%--64.4%). There was no difference between patients treated at the second line (*n*=8, DCR 37.5%, PR 25%) and third line (*n*=38, DCR 52.6%, PR 10.5%). In addition, among patients with primary refractory disease, the PR and SD rates were 4.3% and 26.1%, respectively. Among patients with acquired resistance to docetaxel, 21.7% experienced a PR and 47.8% had disease stabilisation. The median duration of response was 2.9 months. After a median follow-up period of 11.9 months (range, 0.8--15.2 months), median PFS was 2.1 months (95% CI: 1.0--3.2 months) ([Figure 1](#fig1){ref-type="fig"}). At the time of data analysis, 32 patients had died; the median OS was 7.4 months (95% CI: 5.2--9.6 months) ([Figure 2](#fig2){ref-type="fig"}). The 6- and 12-month survival estimates were 61.2% and 20.3%, respectively.

Safety
------

Treatment-related adverse events are summarised in [Table 2](#tbl2){ref-type="table"}. There was one toxic death, attributed to febrile neutropenia, grade 4 thrombocytopenia and respiratory infection. The most common adverse events were anaemia (all grades, 82.7% grades 3--4, 8.7%), lymphopenia (all grades, 69.6% grades 3--4, 28.3%) and fatigue (all grades, 52.1% grade 3, 4.3%). Grade 3--4 neutropenia occurred in 32.6% of patients and grade 3--4 thrombocytopenia in 6.5%. There were six episodes of febrile neutropenia (13.0%), and 69% of the patients received at least one dose of granulocyte colony-stimulating factor (G-CSF).One patient presented with paralytic ileus and another with haemorrhagic cystitis; both were deemed related to the study treatment and both resolved with conservative measures.

Discussion
==========

We report the results of a multicentre, single-arm phase II trial that evaluated the activity of cabazitaxel in patients with advanced NSCLC who had previously received docetaxel. To our knowledge, this is the first trial evaluating cabazitaxel in patients with NSCLC. The study clearly demonstrates that cabazitaxel displayed considerable activity in relatively heavily pre-treated patients, as over 80% of the enrolled patients had received two prior chemotherapy lines. Indeed, the ORR of 13.0% is approximately double to that achieved by second-line docetaxel in multiple phase III trials ([@bib7], [@bib6]; [@bib11]; [@bib8]). In addition, a DCR of 50% is comparable with results observed in trials in the second-line setting.

One limitation of our study is the relatively low number of patients (*n*=46) and the absence of a comparator arm. As such, comparison of efficacy end points achieved with other regimens may be highly biased by patient selection. This is more important as the majority of patients enrolled in the study received cabazitaxel as third-line treatment. The only trial that has shown improved survival at the third line is the BR.21 trial, in which erlotinib was compared with placebo ([@bib20]). However, despite the absence of randomised trials of chemotherapy *vs* BSC at the third-line setting of advanced NSCLC, guidelines issued by the National Comprehensive Cancer Network ([@bib15]) support the use of monochemotherapy in selected patients after two disease progressions. Therefore, in the absence of a comparator arm including patients receiving BSC, it is difficult to draw definite conclusions. Additionally, although enrolment of patients with PS 2 was allowed in the trial, no such patient was actually enrolled; as heavily pre-treated patients with advanced NSCLC commonly experience a deterioration of their PS, our results can only be applied on selected patients with a good PS.

Recently, in three phase III trials, immune checkpoint inhibition with programmed death protein-1 blockade using the monoclonal antibodies nivolumab and pembrolizumab was shown to clearly improve median OS compared with second-line docetaxel in patients with advanced NSCLC ([@bib1]; [@bib2]; [@bib12]). In addition, the combinations of the angiogenesis inhibitor ramucirumab with docetaxel and the tyrosine kinase inhibitor nintedanib with docetaxel had also resulted in improved survival compared with docetaxel monotherapy ([@bib9]; [@bib16]). This change of paradigm is reflected in contemporary practice guidelines.

Despite an abundance of options for the pre-treated NSCLC population, single-agent chemotherapy still has an important place in the management of patients requiring further treatment. In the two nivolumab trials, CheckMate 017 and CheckMate 057, ∼40% of patients who progressed on nivolumab received chemotherapy, with the most common option being docetaxel ([@bib20]).Importantly, only a minority of patients derive benefit from immunotherapy; the development of effective agents for these patients is an unmet need. Moreover, it has been demonstrated in prospective trials that there is a lack of cross-resistance between the taxanes, especially for docetaxel after paclitaxel in advanced NSCLC ([@bib7]) and for cabazitaxel after docetaxel in castration-resistant prostate cancer ([@bib4]).

Treatment with cabazitaxel was relatively well tolerated. The majority of adverse events were mild; however, there was one case of paralytic ileus, one case of haemorrhagic cystitis and one case of toxic death. The incidence of severe, grade 3--4 neutropenia and neutropenic fever were less common compared with the rates reported in the TROPIC trial in prostate cancer ([@bib4]). In addition, the incidence of neutropenia was lower compared with the reported rates in a phase III trial of docetaxel in the second-line treatment of NSCLC ([@bib6]), probably attributed to the frequent use of optional primary prophylaxis with G-CSF in our trial.

In conclusion, the study met its primary objective as the ORR of 13% compares favorably with published trials on pre-treated advanced NSCLC. Furthermore, treatment with cabazitaxel was tolerated with manageable toxicity, despite the majority of the patients received the drug as third-line treatment. Owing to its encouraging activity, further evaluation of cabazitaxel is warranted, especially in the light of the newer treatment options that tend to replace chemotherapy in the second-line setting.
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###### Patient clinical and demographic data

                                    ***N*****=46**   **%**
  -------------------------------- ---------------- -------
  Age (years), median (min--max)     64 (37--81)    
  Sex                                                   
   Male                                   41         89.1
   Female                                 5          10.9
  Performance status                                    
   0                                      23         50.0
   1                                      23         50.0
  Stage                                                 
   IIIB                                   2           4.3
   IV                                     44         95.7
  Histology                                             
   Squamous                               13         28.3
   Adenocarcinoma                         25         54.3
   Large cell                             1           2.2
   Undifferentiated                       7          15.2
  Smoking status                                        
   Non-smoker                             5          10.9
   Former smoker                          24         52.2
   Active smoker                          17         37.0
  Baseline brain metastases               7          15.2
  Prior surgery                           10         21.7
  Prior definitive radiation              13         28.3
  Prior palliative radiation              6          13.0
  Line therapy                                          
   Second line                            8          17.4
   Third line                             38         82.6
  Line received docetaxel                               
   First line                             24         52.2
   Second line                            22         47.8

###### Summary of treatment-related adverse events

                            **Grades 1 and 2**   **Grade 3**   **Grade 4**               
  ------------------------ -------------------- ------------- ------------- ------ ----- ------
  Leukopenia                        8               17.4            4        8.7     6    13.0
  Neutropenia                       6                13             7        15.2    8    17.4
  Lymphopenia                       19              41.3           12        26.1    1    2.2
  Febrile neutropenia              ---               ---           ---       ---     6    13.0
  Anaemia                           34               74             4        8.7    ---   ---
  Thrombocytopenia                  4                8.7           ---       ---     3    6.5
  Nausea                            3                6.5           ---       ---    ---   ---
  Vomiting                          6                13             1        2.2    ---   ---
  Diarrhoea                         5               10.8            2        4.3    ---   ---
  Mucositis                         3                6.5           ---       ---    ---   ---
  Constipation                      2                4.4           ---       ---    ---   ---
  Neurotoxicity                     5               10.9           ---       ---    ---   ---
  Skin toxicity                     4                8.7           ---       ---    ---   ---
  Allergy                           1                2.2           ---       ---    ---   ---
  Infection                         7               15.2            3        6.5    ---   ---
  Fever                             10              21.8           ---       ---    ---   ---
  Fatigue                           22              47.8            2        4.3    ---   ---
  Oedema                            1                2.2           ---       ---    ---   ---
  Transaminase elevation            6                13            ---       ---    ---   ---
  Dyspnoea                          18              39.1            1        2.2    ---   ---
  Nephrotoxicity                    3                6.5           ---       ---    ---   ---
  Headache                          2                4.4           ---       ---    ---   ---
